Introduction
Resonance-enhanced multiphoton ionization time-of-flight mass spectrometry (REMPI-TOFMS) has several characteristic features. REMPI offers selectivity and fragment-less ionization, and TOFMS has advantages that include sensitivity, practicality and robustness. [1] [2] [3] Several applications of REMPI-TOFMS have been reported, such as a spectroscopic investigation as well as environmental monitoring. [4] [5] [6] [7] Moreover, superior sensitivity and spectral selectivity can be achieved when combined with supersonic jet spectrometry. [8] [9] [10] [11] [12] [13] [14] [15] In REMPI-TOFMS, gaseous molecules are normally introduced into a vacuum chamber either in a continuous form or in a pulsed form. Recently, we developed a new sample introduction technique based on online concentration by analyte adsorption/laser desorption (Online COLD). [16] [17] [18] In this technique, a capillary column with a narrowed tip is used as an inlet nozzle. The tip is cooled via adiabatic expansion, and analyte molecules are adsorbed at the tip. Then, a pulsed laser irradiates the tip for desorption. Consequently, the desorbed molecules can be introduced as a pulse while the carrier gas continuously flows. This technique has shown a signal that is enhanced by 2 orders of magnitude. 17 Moreover, the occurrence of a molecular reaction was reported by introducing an intense laser pulse for desorption. 19 The temperature of desorbed molecules in this sampleintroduction technique is important for applications that trace analyses, or for investigating molecular reactions. However, it is quite difficult to directly measure the temperature because the tip of the capillary column exists inside a TOFMS. Therefore, techniques that can calculate the temperature are needed after a desorption pulse has been applied. Several groups have reported on the velocity distribution of desorbed molecules arising from a solid sample mounted/deposited on the probe by introducing a laser pulse, where the translational temperature of the desorbed molecules can be calculated by fitting a Maxwell distribution. 20, 21 However, as opposed to previous reports, the translational temperatures of the desorbed molecules cannot be calculated in the case of an Online COLD sample introduction technique, because the desorbed molecules are entrained into a stream of the carrier gas.
In the present study, we developed a system for evaluating the translational temperature of the molecules laser-desorbed after online concentration. To achieve this, we constructed a system where the flow of a carrier gas can be stopped, and the translational temperature of the desorbed molecules in the absence of a carrier gas can be roughly calculated by fitting a Maxwell distribution. Figure 1 shows a schematic diagram of the experimental setup. A sample of o-chlorophenol (Tokyo Chemical Industry) was used as an analyte that was contained in a sampling bag with ambient air. A transfer line used two deactivated fused-silica capillary columns, the inner/outer diameters of which were both 320/450 μm (GL Sciences). The columns were connected with a 2-way valve (SS-41GS1, Swagelok), which was used to flow/ stop the gas sample. The end of one of the capillary columns was inserted into a sampling bag, and the other column was connected to a TOFMS. The end of the capillary that was used for the inlet was narrowed to a diameter of ca. 50 μm. 15, 16 The flow rate of sample gas was ca. We describe a new technique for evaluating the translational temperature of molecules by applying online concentration via analyte adsorption/laser desorption, which is a sample-introduction technique for resonance-enhanced multiphoton ionization time-of-flight mass spectrometry (REMPI-TOFMS). In the present study, analyte molecules were adsorbed via a narrowed capillary tip once, and then the flow of the carrier gas containing the analyte was stopped. After laser desorption, the ion signals induced by REMPI were monitored. Finally, the translational temperature could be calculated from the velocity distribution of the desorbed molecules by applying a Maxwell distribution. 
Experimental

Notes
The REMPI-TOFMS instrument used in the present study has been reported elsewhere, 18 and is only briefly described here. As a desorption laser, the second-harmonic emission of a Nd:YAG laser (Minilite II, 532 nm, 4 ns, 10 Hz, Continuum) was used. The beam diameter was reduced to 1 mm via an iris. The narrowly manufactured capillary nozzle was irradiated by the desorption laser beam. The energy of the desorption pulse was measured at the position between the iris and the TOFMS. As an ionization laser, the fourth-harmonic emission of a Nd:YAG laser (GAIA II, 266 nm, 4 ns, 10 Hz, Reyture Systems) was used. The energy of the ionization pulse was adjusted to ca. 0.1 mJ. The laser beam was focused with a plano-convex lens (200-mm focal length). The distance between the nozzle and an ionization point was set at 2 mm. A delay/pulse generator (DG535, Stanford Research Systems) was used to synchronize the timing for the oscillation of both lasers.
The linear-type TOFMS (drift length, 60 cm) used in the present study is now commercially available (Hikari-GK, HGK-1, Fukuoka, Japan). A sample of o-chlorophenol molecules was introduced into the TOFMS with a carrier gas for a certain period of time, typically 60 s, in order to allow adsorption at the tip of the capillary. The 2-way valve was then closed to stop the gas flow. The flow was confirmed to have almost stopped 30 s after closing. Thirty seconds after closing, the nozzle was irradiated with desorption pulses. Ion signals were induced by REMPI before and after introducing the desorption pulses, and were recorded with a digitizer (Acqiris AP240, bandwidth, 1 GHz, Agilent Technologies). The peak area of the molecular ions in a mass spectrum was obtained after being averaged 50 times, which was processed using an in-house program written in LabVIEW (National Instruments). The peak width of the molecular ions was ca. 14 ns. By changing the delay time of the oscillation of the ionization laser from the desorption laser, the time course of the peak area was acquired. From the obtained results, the velocity distribution of the desorbed molecules was acquired, and a Maxwell distribution fit was applied using data-analysis software (Origin, LightStone). Figure 2(a) shows the relationship between the delay time of the ionization laser pulse from the desorption laser pulse (0.7 mJ) and the peak areas for o-chlorophenol without introducing a carrier gas. The results suggested that the desorbed molecules passed through the ionization point in a pulsed form; the delay time at which the maximum signal intensity was observed was 10 μs, and the full-width at half-maximum (FWHM) of the duration was ca. 12 μs. We have reported the time courses when using an Online COLD sample-introduction technique with a carrier gas, 18 where a sample of p-chlorophenol was used, which is an isomer of o-chlorophenol that has the same mass. In that report, the two times described above, which were measured at the same ionization point, i.e., the distance between the nozzle and an ionization point was 2 mm, were 4.4 and 2.9 μs, respectively. Thus, the results obtained in the present study were apparently larger. This is plausible since the carrier gas was absent, although these cannot simply be compared, because the experimental conditions, such as the pulse energy of the desorption laser irradiating the nozzle, were different.
Results and Discussion
The distance between the tip of the capillary and the ionization point was, again, 2 mm in the present study. The desorbed molecules were moved this distance by taking times identical to the delay time between the desorption and ionization laser pulses. Therefore, the velocity of the desorbed molecules was easily calculated. However, we reported that the time between the irradiation of a laser pulse to a nozzle and the desorption of adsorbed molecules was ca. 0.3 μs, which was required probably due to the heat transfer to the adsorbed molecules. 18 By taking the corresponding time into consideration, the velocity of the desorbed molecules v (m/s) was calculated using the formula v = 1000 ×(t -0.3)/2, where t (μs) is the delay time between the desorption and the ionization laser pulse. As a result, the relationship between the velocity of the desorbed molecules and the peak area could be plotted as shown in Fig. 2(b) by using the data shown in Fig. 2(a) . In the present case, the velocity distribution roughly fits a Maxwell distribution with a translational temperature of 500 ± 30 K. Figure 3 shows the relationship between the energy of the desorption pulse and the calculated translational temperature of the desorbed molecules. The obtained temperatures seemed to have increased with increases in the energy of the laser pulse for desorption, although further studies will be necessary to verify this. Fig. 3 Relationship between the energy of the desorption pulse and the calculated translational temperature of the desorbed molecules for o-chlorophenol.
